Rationale Individuals prone to attribute incentive salience to food-associated stimuli (Bcues^) are also more sensitive to cues during drug seeking and drug taking. This may be due in part to a difference in sensitivity to the affective or other stimulus properties of the drug. In rats, these properties are associated with 50-kHz ultrasonic vocalizations (USVs), in that they are elicited during putative positive affective and motivational states, including in response to drugs of abuse. Objectives We sought to determine whether individual differences in the tendency to attribute incentive salience to a food cue (as measured by approach) were associated with differences in cocaine-induced USVs. We also tested whether the food cue would elicit USVs and if this response was related to approach to the food cue. Methods In experiment 1, rats underwent Pavlovian conditioned approach (PavCA) training where they learned to associate a cue (an illuminated lever) with the delivery of a food pellet into a food cup. Subjects were categorized based on their approach to the cue (Bsign-trackers^) or to the food cup (Bgoal-trackers^). Rats subsequently underwent nine testing days in which they were given saline or cocaine (10 mg/kg i.p) and placed into a locomotor chamber.
Introduction
Cues are environmental stimuli that signal significant events and can act as predictors for imminent aversive or appetitive outcomes. When paired with a reward such as food or drug (unconditioned stimuli; US), initially neutral cues (conditioned stimuli; CS) can prompt a conditioned response which is consistent with the response produced by the reward (Pavlov 1927) . Further, due to their relationship with the reward, cues can acquire incentive salience and thus prompt emotional and motivational states that generate new, sometimes maladaptive behavior (Berridge 2001; Bindra 1978; Robinson et al. 2014) . For example, food and drug cues have been shown to facilitate reinstatement of operant behaviors that are indicative of reward seeking after prolonged abstinence (Grimm et al. 2001; Kruzich et al. 2001; Shaham et al. 2003; Yager and Robinson 2010) . However, there is considerable individual variation in the degree to which cues influence behavior, and whether these cues become incentive stimuli (Mahler and de Wit 2010; Robinson and Flagel 2009; Robinson et al. 2014) .
In rodent models, individual variability in the propensity to attribute incentive salience to a food cue can be operationalized using a Pavlovian conditioned approach paradigm (Flagel et al. 2007; Meyer et al. 2012a) . During this task, an illuminated lever predicts the delivery of a food pellet into a food cup. For a subset of individuals trained in this task (Bsign-trackers,^STs), the cue acquires incentive value and elicits cue-approach behavior (Flagel et al. 2007; Hearst and Jenkins 1974; Tomie et al. 2008) . For others (Bgoal-trackers,Ĝ Ts), the cue instead elicits approach to the reward delivery location (Boakes 1977) . In addition to these differences in cue-elicited approach, cues are more effective conditioned reinforcers and elicit food seeking to a greater degree in signtrackers, compared to goal-trackers Yager and Robinson 2013) . Thus, these cues acquire incentive salience to a greater degree in sign-trackers compared to goal-trackers .
Sign-and goal-tracker differences also generalize to drug cues. Previous work has shown that the tendency to sign-track a food cue is associated with different patterns of drug-related behavior, including higher progressive ratio breakpoints during cocaine self-administration, more robust cocaine and nicotine cue-induced reinstatement, and stronger cocaineconditioned place preference (Meyer et al. 2012b; Robinson 2010, 2011; Versaggi et al. 2016; Yager and Robinson 2013) . For this reason, sign-tracking is considered a model for drug-cue responsivity, in that individuals displaying this behavior may be more vulnerable to the effects of cues on relapse to drug taking Saunders and Robinson 2013) .
A few studies have examined the acute unconditioned responses to drugs of abuse such as cocaine, in sign-and goaltrackers, but only subtle differences in drug-induced locomotion have been reported (Beckmann et al. 2011; Flagel et al. 2008) . However, drugs including cocaine have other unconditioned effects, including the ability to elicit 50-kHz ultrasonic vocalizations (USVs; Browning et al. 2011; Ma et al. 2010; Maier et al. 2012; Meyer et al. 2012b ). These USVs have been proposed to have a communicative purpose and also to serve as an expression of motivational and affective states in rodents Portfors and Perkel 2014; Radziwon and Dent 2014; Brudzynski 2013; Wohr and Schwarting 2013) . In particular, USVs in the upper frequency range near 50 kHz predominate in positive contexts including mating, exploration, play, and also in the anticipation of rewards such as food and electrical stimulation (Bialy et al. 2000; Burgdorf et al. 2006; Knutson et al. 1998 Knutson et al. , 1999 . As a result, 50-kHz USVs have been proposed to be an index of affective state and further, as a pre-clinical analog to human Bself-report^of subjective states (Mahler et al. 2013; Panksepp et al. 2002) . Given the potential motivational significance of these USVs, it is possible that they index an aspect of drug sensitivity distinct from locomotion and may thus distinguish sign-and goaltrackers, especially after administration of addictive drugs.
The current study assessed the potential relationship between the USV response to acute and repeated cocaine and the attribution of incentive value to a food cue. Since previous research suggests that sign-trackers may be more sensitive to the motivational components of drug taking and drug cues, we hypothesized that individuals who show sign-tracking behavior during Pavlovian conditioned approach (PavCA) would be more likely to produce cocaine-induced 50-kHz USVs as a representation of their enhanced positive affect in response to the drug. To this end, we conducted two experimentsthe first measured approach to a food cue during PavCA prior to measuring cocaine-induced USVs and the second measured cocaine-induced USVs before PavCA testing. In addition to conditioned approach behaviors during PavCA, we assessed whether the food cue elicited USVs, and further, whether this response differed among sign-and goal-trackers.
Methods and materials

Subjects and housing
Male Sprague Dawley rats (experiment 1: n = 48; experiment 2: n = 48, all rats 250-275 g) were purchased from Envigo (Indianapolis, IN). Upon arrival, subjects were pair housed in a temperature-and humidity-controlled room on a reverse 12-h light-dark cycle (lights off at 0730) and handled daily for 1 week. All testing occurred during the dark phase of this cycle. In their home cages, food and water were available ad libitum throughout the study. All experimental procedures followed the guidelines of laboratory animal care specified and approved by the Institutional Animal Care and Use Committee (IACUC) at the University at Buffalo.
Pavlovian conditioned approach
Apparatus
Med-Associates conditioning chambers (20.5 × 24.1 cm floor area, 29.2 cm high; St. Albans, VT) were equipped with LEDilluminated retractable levers located on either the left or right side (counterbalanced across rats) of a central food cup (3 cm above a stainless steel grid floor). An illuminated red house light was located on the chamber wall opposite the food cup. Banana-flavored food pellets (45 mg, BioServ, #F0059, Frenchtown, NJ) were delivered into the cup by an automatic feeder. The food cup was equipped with an infrared photobeam that detected head entries.
PavCA procedure
Rats were given~50 food pellets in their home cages on the 2 days prior to Pavlovian conditioned approach (PavCA; Flagel et al. 2007; Meyer et al. 2012a) . Following this, rats first completed a food cup training session; during which, 25 food pellets were dispensed into the food cup on a variable time 30 (1-60 s) schedule. The lever was retracted and the house light remained on for this session. Beginning on the subsequent day, subjects underwent five sessions of PavCA (one session/day). Each session consisted of 25 trials in which an 8-s illuminated lever presentation (CS) was followed by the delivery of a food pellet (US). Trials were separated according to a variable time 90 (30-150 s) schedule. It is important to note that the delivery of a food pellet was never contingent on the subject's behavior. Sessions lasted 37.5 min on average.
PavCA index
Rats were categorized as sign-and goal-trackers based on a PavCA index previously described (Meyer et al. 2012a) . Briefly, the PavCA index is a score ranging from −1.0 to 1.0 that is calculated from the average of three factors: response bias [(lever presses minus CS food cup entries)/(lever presses plus food cup entries)], approach probability difference [(# of trials with at least one lever press minus # of trials with at least one food cup entry during the CS)/25 trials], and latency difference [(latency to enter the food cup during the CS minus latency to lever press)/8]. The average of this PavCA index from the last two sessions is used to determine an overall index, thus characterizing rats as STs (PavCA Index ranging from 0.3 to 1.0) or GTs (−0.3 to −1.0). Intermediate rats (PavCA Index −0.29 to 0.29) were not included in any analyses.
Ultrasonic vocalizations
Apparatus
Locomotor chambers were constructed with black acrylic walls (47.5 cm length × 15.5 cm width × 30 cm height) and smooth matte black flooring. Positioned directly above each chamber were infrared video cameras hooked up to a 16-channel DVR (Swann Communications, Inc., Santa Fe Springs, CA). Locomotion was captured by the cameras and analyzed by Topscan video tracking software (Clever Sys., Inc., Reston, VA; Flagel et al. 2007; Meyer et al. 2012b) . Condenser microphones with a flat frequency range up to 250 kHz at 8-bit resolution (Model CM16/CMPA, Avisoft Bioacoustics, Berlin, Germany) were placed 8 cm above each chamber and connected to an UltraSoundGate 416H recorder with four balanced analog inputs (Avisoft Bioacoustics, Berlin, Germany). USV recordings were converted to spectrograms and analyzed by an experimenter in Adobe Audition (Adobe Systems Inc., San Jose, CA).
Ultrasonic vocalization analysis
A trained experimenter, blind to the PavCA index scores, analyzed the recordings (exp 1: nine 30-min treatment days; exp 2: two 30-min treatment days, one~37.5-min PavCA task) using Adobe Audition. USVs falling within the 50-kHz range (35-100 kHz) were individually counted and time stamped. All USVs produced during the experiments fell within this range. USVs produced on day 16 and day 23 of experiment 1 were further examined to identify the various vocalization categories produced by cocaine-treated subjects. Seven categories of USVs were selected prior to this analysis, modeled after Wright et al. (2010) . These include flat (near-constant frequency, mean slope between −0.2 and 0.2 kHz/ms), ramp (monotonically increasing or decreasing in frequency, mean slope >0.2 kHz/ms), inverse-U (a monotonic increase followed by a monotonic frequency decrease, each at least 5 kHz), short (duration less than 12 ms), multi-step (one or more frequency changes), trill (rapid frequency oscillations), and complex (miscellaneous, not otherwise specified).
Experiment 1: PavCA performance as a predictor for cocaine-induced USVs
Procedure
In this experiment, rats (n = 48) were first tested in the PavCA procedure described above. Rats categorized as sign-and goal-trackers (n = 10, n = 14) were then tested for nine 30-min sessions (one session/day) where saline-and cocaineinduced locomotion as well as USVs were recorded. Prior to each session, rats were removed from their home cages, weighed, and then transported to the testing room. Here, they received an injection and were immediately placed in a locomotor chamber. For the first two consecutive days, subjects were injected with 0.9% saline (1 ml/kg, i.p.). During the next six testing days, occurring Monday, Wednesday, and Friday for 2 weeks, rats were given an injection of 10 mg/kg cocaine (i.p.). A final cocaine testing day took place 1 week later, to test whether the USV response was altered after a prolonged drug-free period. Cocaine HCl (Nat. Inst. of Drug Abuse, Bethesda, MD) was dissolved in saline. One sign-tracker died prior to the completion of testing and thus was excluded from the USV analysis.
Experiment 2: Cocaine-induced USVs as a predictor for PavCA performance Procedure For this experiment, rats (n = 48) underwent two 30-min sessions in a locomotor chamber as previously described. In brief, rats were injected with 0.9% saline (1 ml/kg, i.p.) on the first day and a 10 mg/kg cocaine (i.p.) on the second day. Rats were then tested under the PavCA paradigm described above, and Pavlovian index scores were calculated for all 48 subjects. In addition, a sixth day of PavCA was added to the procedure for a subset of randomly selected rats (n = 36). On this day, the condenser microphones were placed 8 cm above the Med-Associates conditioning chambers and USV recordings were collected. Five rats were dropped from this USV analysis due to a procedural error that led to some recordings being truncated, preventing analysis.
Statistics
For experiment 1, approach behaviors were measured using repeated-measures analysis of variance (ANOVA), using Phenotype (ST, GT) as the between-groups variable, and Day 1-5 as the within-groups variable. Similarly, USVs were analyzed using repeated-measures ANOVA with Phenotype (ST, GT) as the between-subjects variable and a withinsubjects variable of Day (1, 2, 5, 7, 9, 12, 14, 16, 23) . Mann-Whitney U tests determined whether STs and GTs differed in the proportion of USVs per category on day 16 and day 23 of treatment.
In experiment 2, saline-and cocaine-induced USVs were analyzed using Phenotype as the between-subjects variable and Day 1-2 as the within-subjects variable. Further, USVs recorded during PavCA were analyzed using Period (pre-CS, CS, US) and Trial (1-25) as within-subjects variables. All significant main effects and interactions were then investigated using Fisher's least significant difference post hoc test. Statistical comparisons were considered significant at p < 0.05.
Results
Experiment 1
Pavlovian conditioned approach
In line with previous findings (Flagel et al. 2007; Meyer et al. 2012a) , subjects showed substantial variation in their approach responses as a result of PavCA training. Repeated-measures ANOVA verified significant Phenotype × Day interactions [Fs (4108) > 18.2, ps < 0.001] for all measures of lever-and food cup-directed behaviors including contacts, probability to approach, and latency to approach (Fig. 1 ). For example, over successive days, sign-trackers increased lever contacts and probability to approach the lever while decreasing their latency to approach the lever. Analyses also revealed main effects of Phenotype [Fs (1,27) > 6.1, ps < 0.05] for all measures except food cup probability, as well as main effects of Day [Fs (4108) > 9.8, ps < 0.001] for all measures. Post hoc analyses indicated differences between sign-and goal-trackers in all lever-directed measures on days 2-5 (p < 0.001) and all food cup-directed behaviors on days 4-5 (p < 0.001). Fig. 2a ; F (8, 176) = 8.7, p < 0.001] was also found, and post hoc analysis indicated that sign-trackers produced more USVs than goal-trackers on all cocainetreated days (ps < 0.05), but not saline. On any given day, sign-trackers emitted at least five times more cocaine-induced USVs than goal-trackers. Furthermore, the USV response to cocaine sensitized in sign-trackers, as demonstrated by a significant increase in cocaineinduced USVs from the first administration of the drug to the last (e.g., day 3 vs. day 16, and day 3 vs. day 23; ps < 0.05). This sensitization in the USV response to cocaine was not statistically significant in goal-trackers (ps = 0.39, 0.14). In addition, sign-trackers, but not goal-trackers, emitted significantly more USVs on day 23 compared to day 16 (p < 0.01), indicating that the drug-free period further sensitized the response in signtrackers. In contrast, there was no statistical difference in cocaine-induced locomotion between the two phenotypes (Fig. 2b) . Finally, while sign-trackers made proportionally more flat USVs than goal-trackers on day 16 (13 vs. 5%; p < 0.001) as well as day 23 (9 vs. 4%; p < 0.05), there were no differences in any other subtype of cocaineinduced USVs (Fig. 2c) .
Experiment 2
Acute cocaine-induced USVs
In experiment 2, sign-trackers (n = 19) again produced more cocaine-induced USVs compared to goal-trackers (n = 19) after a single treatment. Post hoc analysis of this interaction suggested that the difference in USVs between sign-and goal-trackers was specific under cocaine treatment, and not saline ( Fig. 3a ; p < 0.001). Sign-and goal-trackers showed no difference in locomotion for either day (Fig. 3b) .
PavCA USVs
USVs were recorded in a subset of randomly selected subjects (n = 31) during PavCA to determine whether the food cue 
would elicit USVs and if USV production would differ between sign-(n = 16) and goal-trackers (n = 15) in this task (Fig. 4a) . We analyzed the 8-s periods of time prior to ( Fig. 4b ; pre-CS), during ( Fig. 4c ; CS), and after ( Fig. 4d ; US) CS presentation to determine the USV response to no stimuli, the lever stimuli, and the food stimuli, respectively.
Repeated-measures ANOVA revealed a significant main effect of Period [F (2, 58) = 18.4, p < 0.001], and post hoc analyses indicated that more USVs were produced during the pre-CS and CS periods compared to the US period (Fig. 4a inlet; Post hoc analysis indicated that signtrackers produced more USVs during the pre-CS than goaltrackers, but only during the first five trials (p < 0.05). The US period could not be analyzed in this manner because no USVs were made by either group during later trials. In summary, during PavCA, sign-and goal-trackers only differed in USV production during the 8-s pre-CS period of the first five trials, and both phenotypes showed a decrease in USV production during all periods over the course of the session.
Discussion
In summary, we found that sign-trackers consistently produced five or more times the cocaine-induced 50-kHz USVs than goal-trackers on all treatment days. This behavioral distinction between phenotypes was evident even on the first day of cocaine exposure. In addition, repeated cocaine sensitized the USV response in sign-trackers, but not significantly in goal-trackers, and this sensitization difference became most pronounced after a week-long drug-free period. Further, during PavCA, sign-trackers emitted more USVs than goaltrackers, but only at the beginning of the session. This difference was specifically observed during the first five pre-CS periods. Together, these results indicate a strong relationship between cue responsivity and cocaine-induced vocalizations, implying that these two behaviors may rely on overlapping neurobehavioral mechanisms. Previous work has indicated other phenotypic differences between sign-and goal-trackers including how individuals respond to drugs of abuse and their associated cues during various paradigms such as cocaine selfadministration, cue-induced reinstatement, and conditioned place preference (Meyer et al. 2012b; Robinson 2010, 2011; Yager and Robinson 2013) . Thus, our results suggest that these established distinctions may be due, in part, to differences in the unconditioned responses to cocaine.
Cocaine-induced USVs
In experiment 1, sign-trackers produced significantly more cocaine-induced USVs than goal-trackers on the first day of administration. This was also true in experiment 2 when rats were treated with cocaine prior to PavCA training, thus showing that the difference in cocaine-induced USVs does not rely on training for expression. This phenotypic difference in USVs was similarly seen in a conditioned place preference (CPP) paradigm, during which cocaine-treated sign-trackers produced more USVs than cocaine-treated goal-trackers for all days of cocaine-pairings (Meyer et al. 2012b ). Thus, these results suggest that sign-trackers are more sensitive to the unconditioned, affective effects of cocaine relative to goaltrackers. Further, this may be related to the reinforcing effect of cocaine. For example, Browning et al. (2011) measured USVs during cocaine self-administration and found that USV production on the first day of acquisition was positively correlated with the speed at which cocaine self-administration was acquired. Moreover, sign-trackers that showed noveltyinduced place preference also acquired cocaine selfadministration more rapidly (Beckmann et al. 2011) . Taken together with the current findings, the initial USV response to cocaine in sign-trackers may reflect their sensitivity to the motivational properties of cocaine and thus could serve as a predictor of the tendency to engage in drug-taking behavior. The current study also showed that with repeated administration, the USV response to cocaine sensitized in signtrackers, but not significantly in goal-trackers, and the USV response to cocaine were further sensitized in sign-trackers after a week-long drug-free period. In other studies, subjects that exhibit behavioral phenotypes related to sign-and goaltracking showed a comparable distinction in the sensitized USV response to cocaine. For example, Mu et al. (2009) used rat lines that had been selectively bred for high and low USV production in response to socially rewarding Btickling^(HL and LL, respectively) which is related to high and low responsiveness to rewarding stimuli . While both groups increased USV production with a 15 mg/ kg (i.p.) cocaine treatment, the magnitude of sensitization of the USV response to repeated cocaine was much larger in HL rats than LL rats, with HL rats making more than two times the USVs of LL rats by the 5th day of treatment. This effect was further enhanced in HL rats by a cocaine challenge following 2 days of abstinence, which demonstrates not only a greater sensitivity to the sensitizing effects of cocaine in the HL line but also, the possible development of a conditioned response to the drug-associated context (Mu et al. 2009 ). In line with this idea, additional studies have shown that individuals exhibiting USV sensitization to psychostimulant drugs will also display a conditioned escalation in USVs in response to the drug-associated context alone (Ahrens et al. 2009; Meyer et al. 2012b; Simola and Morelli 2015) . Although our study did not specifically test context-induced USVs, it can be noted that some sign-trackers immediately began producing USVs upon entering the chamber on all days following the first cocaine treatment, even though peak levels of cocaine in the brain are not achieved until 10 min after the injection (Javaid and Davis 1993; Maier et al. 2012) . These USVs could be a result of the conditioned effects of the context itself, possibly in anticipation of cocaine's effects (Ma et al. 2010 ). This evidence further substantiates the idea that the signtracking phenotype is sensitive to the motivational salience of drug-related cues and contexts.
The differences in the development of sensitization also suggest that sign-trackers may be more sensitive to cocaineinduced neuroplasticity, which involves alterations in the mesolimbic dopamine system (Berridge 2001; Berridge et al. 2009; Pierce and Kalivas 1997; Vanderschuren and Kalivas 2000) . For example, individuals prone to sign-tracking have more cue-induced increases in dopamine in the nucleus accumbens and are sensitive to dopamine receptor antagonism (Flagel et al. 2011; Saunders and Robinson 2012; Tomie et al. 2000) . Dopamine release in the nucleus accumbens has been linked to the production of 50-kHz USVs, and thus sensitization to drug-induced USVs may be a result of sensitization of DA transmission in this circuit (Burgdorf et al. 2001; Burgdorf et al. 2008; Simola and Morelli 2015; Willuhn et al. 2014) . Thus, our findings corroborate the idea that sign-and goaltrackers differ in terms of cocaine-induced adaptations of the dopamine system. Interestingly, while there were large differences in the rates of USV production between sign-trackers and goal-trackers on day 16 and day 23, only the proportions of flat USVs were greater in sign-trackers compared to goal-trackers. Previously, Wright et al. (2010) found that trill USVs increased when rats were paired together or when they were given amphetamine and suggested that these calls are Breward associated.Ĥ owever, we found no differences in the proportions of trill USVs produced by sign-trackers and goal-trackers. Wright et al. (2010) also found an increase in flat USVs when rats were paired together, suggesting a social function for this call type, and Wohr et al. (2008) suggested that flat USVs are more likely to be produced in a social context for establishing or maintaining contact between individuals. In contrast, Mahler et al. (2013) found that rats made more flat USVs during multiple forms of methamphetamine cue-induced reinstatement and suggested that the flat USVs have a non-specific function (Brudzynski 2005; Burgdorf et al. 2008; Schwarting et al. 2007 ). Thus, the difference in flat USVs warrants further investigation and may provide insight into both the behavioral disposition of these phenotypes, as well as the behavioral significance of flat USVs.
Cocaine-induced locomotion
In both experiments, locomotor activity for all subjects increased as a result of cocaine treatment compared to saline treatment; however, there were no differences found between sign-and goal-trackers on the first day of administration nor on any subsequent treatment day. This indicates that acute locomotor response to cocaine may not be as sensitive as USVs in revealing underlying neurobiological differences between the sign-and goal-tracker phenotypes. This is in line with Flagel et al. (2008) , who measured acute locomotor response and head movements after repeated cocaine. Similar to our results, they did not find a difference in locomotion, although they did see modest increases in head movements among sign-trackers after repeated cocaine. Studies utilizing other phenotypes related to sign-and goal-tracking have shown similar dissociation between drug-induced USVs and locomotion. For example, Garcia and Cain (2016) measured amphetamine-induced locomotion and USVs in high and low novelty-seeking individuals and found that while USVs were positively correlated with novelty seeking, locomotor activity was not. Additionally, Mu et al. (2009) showed a difference in sensitization of USVs between HL and LL rats, without showing the same effect in locomotion after repeated administration, indicating that while neuroplastic changes may have been occurring in HL rats, it was not indexed by locomotor activity. Finally, Maier et al. (2012) found that while the USV response to cocaine during selfadministration increased following the drug-free weekend periods, locomotor activity and lever responding did not. Overall, these studies suggest that drug-induced locomotor activity and USV production are dissociable and represent different behavioral responses. It appears that drug-induced USVs are unique in identifying positive appetitive states and thus reflect different neurobehavioral processes than those expressed by drug-induced locomotion Ma et al. 2010; Simola and Morelli 2015) .
Food cue-induced USVs
USV results from the last day of PavCA showed a marginal difference between sign-and goal-trackers, with sign-trackers emitting more USVs during the pre-CS period of the first five trials of the task, but not during the CS itself. In this instance, the production of USVs seems to occur independently from approach and consummatory behaviors. These results were unexpected, particularly for sign-trackers, because previous studies have shown increases in 50-kHz USV production during approach to rewarding stimuli Knutson et al. 2002) . In another example, Browning et al. (2011) measured USVs during acquisition, extinction, and cue-induced reinstatement phases of sucrose selfadministration in which ad lib fed rats nose-poked for delivery of a sucrose pellet. In this procedure, USV production was relatively stable, with no significant difference in the rate of USVs in each phase. However, when evaluating the time course of USVs within a 2-h testing session, subjects increased their USV production in the first 5 min but then decreased to near zero. This initial increase in USVs followed by an appreciable reduction was similar to our results and could be due in part, to the conditioned response to the testing environment, which appears to be heightened in sign-trackers compared to goal-trackers. Importantly, the enhanced USV response during the pre-CS periods of the first five trials in sign-trackers is not a result of Banticipation^for the lever cue due to the variable nature of the ITI separating each CS, which makes its presentation unpredictable. Rather, this increased rate during the pre-CS period may be due to differences in context-induced USVs, which would suggest that the PavCA chamber itself has acquired more motivational salience in sign-trackers than goal-trackers. This USV response habituated in both groups over time, perhaps indicating a decreasing appetitive state separable from the approach behaviors observed throughout the session. Additionally, explanation for our low rate of cue-induced USVs from either group may be a result of several factors, including predictability of the cue presentations, Burgdorf et al. 2005) , food deprivation (Brenes and Schwarting 2014; Knutson et al. 2002) , the nature of the CS (auditory vs. visual) (Brenes and Schwarting 2015; Meyer et al. 2014) , or the form of the approach measured (Brenes and Schwarting 2015) . Thus, whether or not a cue elicits the initiation and/or enhancement in USVs is dependent on the specifics of the paradigm, rather than being a consistent response to a broad class of reward-associated stimuli.
In conclusion, the results of the current study show that cocaine-induced USVs are an unconditioned response to cocaine that is separate from locomotion. After repeated cocaine administration, these USVs likely reflect neuroadaptations in response to drug that are unique to individuals who have a propensity to attribute incentive salience to rewards and their cues. These findings add to the growing body of literature that implicates USVs as an important measure of affective and motivational state in response to dopaminergic drugs and their related cues (Knutson et al. 1999 Panksepp and Burgdorf 2000) . As Mahler et al. (2013) has speculated, drug-induced USVs may be a model of subjective self-report during acute and repeated cocaine exposure. Thus, USVs may be a particularly useful index of the motivational properties of drugs-one that does not require learning (and can thus be measured in a single session) and also reflects individual variation of other traits associated with pathological motivational states, including drug addiction.
